(19) 



J 



Europaisches Paten tamt 
European Patent Office 
Office eu rope en des brevets 



(11) 



EP 1 353 316 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

15.10.2003 Bulletin 2003/42 

(21) Application number: 02729561.7 

(22) Date of filing: 11.01.2002 



(51) Intel. 7 : G09G 3/30, G09F 9/30, 

H05B 33/14, H05B 33/08, 
G09G 3/32 

(86) International application number: 
PCT/JP02/00152 



(87) International publication number: 

WO 027056287 (18.07.2002 Gazette 2002/29) 



(84) Designated Contracting States: 


• ASANO, Mitsuru, c/o SONY CORPORATION 


DE FR GB 


Tokyo 141-0001 (JP) 


(30) Priority: 15.01.2001 JP 2001006387 


(74) Representative: Miiller - Hoffmann & Partner 


Patentanwalte, 


(71) Applicant: Sony Corporation 


Innere Wiener Strasse 17 


Tokyo 141-0001 (JP) 


81667 Munchen (DE) 


(72) Inventors: 




• YUMOTO, Akira, c/o SONY CORPORATION 




Tokyo 141-0001 (JP) 





(54) ACTIVE-MATRIX DISPLAY, ACTIVE-MATRIX ORGANIC ELECTROLUMINESCENCE DISPLAY, 
AND METHODS FOR DRIVING THEM 



(57) When a current-writing type pixel circuit is 
made, it involves a greater number of transistors and 
TFTs occupy much of the area of the pixel circuit. To 
alleviate this problem, two pixel circuits (P1 , P2) have a 
first scanning TFT (14), a current-voltage conversion 
TFT (16), respective second scanning TFTs (15-1, 
15-2). capacitors (13-1,13-2), and drive TFTs (12-1, 



12-2) for OLED including organic EL elements (11-2, 
11-2) of two pixels, for example, in a row direction. In 
each of the pixel circuits, the first scanning TFT (14) han- 
dling a large amount of current (Iw) as compare with cur- 
rent flowing through the OLED (11-2, 11-2), and the cur- 
rent-voltage conversion TFT (16) are shared between 
two pixels. 
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Description 
TECHNICAL FIELD 

[0001] The invention relates to an active matrix type 5 
display device having an active element provided in 
each pixel wherein the active element performs a dis- 
play control in pixel units, and to a method of driving the 
same. More particularly, it relates to an active matrix 
type display device having electro-optical elements 10 
whose luminance varies with the current flowing there- 
through, as display elements for the pixel and to an ac- 
tive matrix type organic electroluminescent display de- 
vice which utilizes organic electroluminescent (herein- 
after called organic EL) elements as its electro-optical 15 
elements, and further to methods of driving such display 
devices. 

BACKGROUND ART 

[0002] Recently, in the display devices such as liquid 
crystal display (LCD) utilizing liquid crystalline cells as 
the display elements for respective pixels, plural pixels 
are arranged in the form of a matrix, and respective pix- 
els are driven to display image such that the light inten- 
sity of each pixel is controlled in accordance with image 
information representing the image to be displayed. 
Such driving technique also applies to organic EL dis- 
plays utilizing organic EL elements as the display ele- 
ments for pixels. 

[0003] Moreover, the organic EL displays have ad- 
vantages over liquid crystal displays such that the or- 
ganic EL displays have a higher visibility, need no back- 
lighting, and have faster response to signals due to the 
fact that the organic EL displays are self-luminous using 
light-emitting elements as the display elements for pix- 
els. The organic EL displays are quite different from liq- 
uid crystal displays in that organic EL element is current- 
controlled type one wherein luminance of each light- 
emitting element is controlled by the current flowing 
through it, while liquid crystal cell is voltage-controlled 
type one. 

[0004] Like liquid crystal displays, organic EL displays 
can be driven in a simple (passive) matrix scheme and 
in an active matrix scheme. The former displays, how- 
ever, have some difficult problems when used as a 
large-size high-precision display, though the display is 
simple in structure. To circumvent the problems, an ac- 
tive matrix control scheme has been developed in which 
the current flowing through a light-emitting element for 
each pixel is controlled by an active element, for exam- 
ple, a gate-insulated field effect transistor (typically a 
thin film transistor, TFT) also provided in the pixel. 
[0005] Fig. 1 shows a conventional pixel circuit (circuit 
of a unit pixel) in an active matrix type organic EL display 
(for more details, see USP 5,684,365 and 
JP-A-H08-234683). 

[0006] As is shown clearly in Fig. 1 , the conventional 



pixel circuit includes an organic EL element 101 having 
an anode connected to a positive voltage supply Vdd, a 
TFT 102 having a drain connected to a cathode of the 
organic EL element 101 and a grounded source, a ca- 
pacitor 103 connected between a gate of the TFT 102 
and the ground, and a TFT 1 04 having a drain connect- 
ed to the gate of the TFT 102, a source connected to a 
data line 106, and a gate connected to a scanning line 
105. 

[0007] Organic EL elements are often called organic 
light-emitting diodes (OLED) because they exhibit rec- 
tifying effects in many cases. Thus, the organic EL ele- 
ment is shown in Fig. 1 and other Figures as an OLED 
and indicated by a mark representing a diode. It should 
be understood, however, that in what follows the organic 
EL element is not required to have a rectification prop- 
erty. 

[0008] Operations of the pixel circuit as shown above 
are as follows. First, the scanning line 105 is brought to 
a selective potential (a H IGH level in the example shown 
herein), and the data line 106 is supplied with a writing 
potential Vw to make the TFT 104 conductive, thereby 
charging or discharging the capacitor 103 and bringing 
the gate of the TFT 102 to the writing potential Vw. Next, 
the scanning line 105 is brought to a non-selective po- 
tential (which is a LOW level in this example). This status 
electrically isolates the scanning line 105 from the TFT 
102. However, the gate potential of the TFT 102 is se- 
cured by the capacitor 103. 

[0009] The current flowing through the TFT 102 and 
OLED 101 will reach a level that corresponds to the 
gate-source voltage Vgs, which causes the OLED 101 
to be lucent with a luminance in accord with the current 
values thereof. In what follows an operation that trans- 
mits luminance information data, provided on the data 
line 106 by a selection of scanning line 105, into the pixel 
will be referred to as "writing". In the pixel circuit as 
shown in Fig. 1 , once potential Vw is written to the OLED 
101, such the OLED 101 will be lighted at a constant 
luminance until the next writing is made. 
[0010] A plurality of such pixel circuits 111 (which may 
be simply referred to as pixels) can be arranged in the 
form of a matrix as shown in Fig. 2 to form an active ma- 
trix type display (organic EL display) device, in which 
the pixels 111 are sequentially selected repeating the 
writing into the pixels 111 through data lines 114-1 - 
115-m driven by voltage-driving-type data line drive cir- 
cuit (voltage driver) 114 with scanning lines 112-1 - 
112-n being sequentially selected by a scanning line 
drive circuit 113. In this example, pixels 111 are arranged 
in m (columns) by n (rows) matrix. It is a matter of course 
that in this case, there are m data lines and n scanning 
lines. 

[0011] In a simple matrix type display device, each 
light-emitting element emits light only at the moment it 
is selected. In contrast, in an active matrix type display 
device, each light-emitting element can keep on emitting 
light after completion of the writing thereof. Accordingly, 
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in the active matrix type display device, the peak lumi- 
nance and peak current of light-emitting elements can 
be lower as compared with the simple matrix type dis- 
play device, which is an advantage especially to a large 
size and/or high-precision display device. 5 
[0012] In general, in the active matrix type organic EL 
display device, TFTs (thin film transistor) formed on a 
glass substrate are used as active elements. However, 
amorphous silicon (non-crystalline silicon) and polysili- 
con (polycrystalline silicon) to be used for forming TFTs 10 
have poor crystallizing properties as compared with sil- 
icon single crystal. This implies that they have a poor 
conductivity and controllability, so that TFTs exhibit large 
fluctuations in characteristics. 

[0013] Particularly, when a polysilicon TFT is formed *5 
on a relatively large glass substrate, in order to circum- 
vent problems caused by thermal deformation of the 
glass substrate, a laser annealing technique is usually 
applied to the glass substrate after formation of an amor- 
phous silicon film to crystallize the polysilicon TFT. How- 20 
ever, uniform irradiation of laser light over a large area 
of the glass substrate is difficult, resulting in non-uniform 
crystallization of polysilicon at various points on the sub- 
strate. As a result, threshold value Vth of TFTs formed 
on the same substrate varies over several hundreds of 25 
mV, and at least I volt in some cases. 
[0014] In such cases, if the same potential Vw is writ- 
ten to these pixels, the threshold values Vth will be dif- 
ferent from one pixel to another. Consequently, current 
Ids flowing through the OLED (organic EL element) var- 30 
ies from one pixel to another and can deviate greatly 
from a desired level. One cannot then anticipate getting 
a high quality display. This is true not only with the 
threshold Vth but also with a fluctuation in the mobility 
u. of carriers in the same manner. 35 
[0015] In order to alleviate the problem, the inventors 
of the present invention have proposed a pixel circuit as 
shown in Fig. 3 (See JP-A-H1 1-200843). 
[0016] As is apparent from Fig. 3, this pixel circuit dis- 
closed in the formerly filed Japanese Patent Application 40 
includes an OLED 121 having an anode connected with 
a positive voltage supply Vdd, a TFT 122 having a drain 
connected to a cathode of OLED 121 and a source con- 
nected to a reference potential or ground line (herein 
after simply referred to as ground), a capacitor 123 con- 45 
nected between a gate of the TFT 122 and the ground, 
TFT 124 having a drain connected to the data line 128 
and a gate connected to a first scanning line 127A, re- 
spectively, a TFT 125 having a drain and a gate con- 
nected to a source of TFT 124 and a source connected so 
to the ground, a TFT 126 having a drain connected to 
the drain and the gate of the TFT 125 and a source con- 
nected to the gate of the TFT 1 22, and a gate connected 
to the second scanning line 127B. 

[0017] As shown in Fig. 3, the scanning line 127A is 55 
supplied with a timing signal scanA. The second scan- 
ning line 127B is supplied with a timing signal scanB. 
The data line 128 is supplied with an OLED luminance 



information (data). A current driver CS provides a bias 
current Iwto the data line 128 in accordance with active 
current data based on the OLED luminance information. 
[0018] In the example shown herein, the TFTs 122 
and 125 are N channel MOS transistors and the TFTs 
124 and 126 are P channel MOS transistors. Figs. 4A- 
4D show timing charts for the pixel circuit in operation. 
[0019] A definite difference between the pixel circuit 
shown in Fig. 3 and the one shown in Fig. 1 is as follows. 
In the pixel circuit shown in Fig. 1, luminance data is 
given to the pixels in the form of voltage, while in the 
pixel circuit shown in Fig. 3 luminance data is given to 
the pixels in the form of current. Corresponding opera- 
tions are as follows. 

[0020] First, in writing luminance information, scan- 
ning lines 127A and 127B shown in Figs. 4A and 4B are 
set to the selective status (status of selective potential, 
for which scanA and scanB are pulled down to LOW lev- 
els) and data line 128 is fed with a current Iw as shown 
in Fig. 4C which corresponds to the OLED luminance 
information shown in Fig. 4D. The current Iw flows 
through the TFT 125 via the TFT 124. The gate-source 
voltage generated in the TFT 125 is set to Vgs. Since 
the gate and the drain of the TFT 125 are short-circuited, 
the TFT 125 operates in the saturation region. 
[0021] Hence, in accordance with a well-known MOS 
transistor formula, Iw is given by 

Iw = |i 1Cox1W1/L1/2(Vgs-Vth1) 2 (1) 

where Vtl stands for the threshold of TFT 125, ^ 1 for 
carrier mobility, Coxl for gate capacitance per unit area, 
W1 for channel width, and L1 for channel length. 
[0022] Denoting the current flowing through the OLED 

121 by Idrv, it is seen that the current Idrv is controlled 
by the TFT 122 connected in series with OLED 121. In 
the pixel circuit as shown in Fig. 3, since the gate-source 
voltage of the TFT 122 equals Vgs given by equation 
(1), Idrv is given by 

Idrv = [x 2Cox2W2/L2/2(Vgs-Vth2) 2 (2) 

assuming that the TFT 122 operates in the saturation 
region. 

[0023] Incidentally, it is known that a MOS transistor 
is generally operable in a saturation region under the 
following condition 

|Vds|>|Vgs-Vt| (3) 

Parameters appearing in the equations (2) and (3) are 
the same as in equation (1). Since the TFTs 125 and 

122 are closely formed within the pixel, one may con- 
sider that practically 
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u.1 = n2, Cox1 = Cox2, Vth1 = Vth2 

[0024] Then, the following equation may be easily de- 
rived from the equations (1) and (2) 

Idrv/lw = (W2/W1)/(L2/L1) (4) 

[0025] That is, if carrier mobility p., gate capacity per 
unit area Cox, and threshold Vth vary within the panel 
or vary from one panel to another, current Idrv flowing 
through the OLED 1 21 is exactly proportional to the writ- 
ing current Iw, and hence the luminance of the OLED 
121 can be precisely controlled. For example, if it is de- 
signed that W2 = W1 and L2 = L1 , then Idrv/lw = 1 , which 
means that writing current Iw matches current Idrv that 
flows through the OLED 121, irrespective of variations 
in TFT properties. 

[0026] It is possible to construct an active matrix type 
display device by arranging pixel circuits as described 
above and shown in Fig. 3 in the form of a matrix. A 
configuration example of such display device is shown 
in Fig. 5. 

[0027] Referring to Fig. 5, provided to each current- 
writing type pixel circuit 211 arranged in a m (column) 
by n (row) matrix on a row by row basis are any of re- 
spective first scanning lines 212A-1 - 212A-n and any 
of respective second scanning lines 212B-1 - 212B-n. 
Further, each first scanning line 21 2A-1 - 21 2A-n is con- 
nected to the gate of the TFT 214 of Fig. 3, and each 
scanning line 212B-1 - 212B-n is connected to the gate 
of the TFT 126 of Fig. 3. 

[0028] A first scanning line drive circuit 21 3A for driv- 
ing the scanning lines 212A-1 - 212A-n is provided to 
the left of these pixels, and a second scanning line drive 
circuit 21 3B for driving the second scanning lines 21 2B- 
1 - 212B-n is provided to the right of the pixels. The first 
and the second scanning line drive circuits 213A and 
21 3B consists of shift registers. The scanning line drive 
circuits 21 3A and 21 3B are provided with a common ver- 
tical start pulse VSP, and with vertical clock pulses 
VCKA and VCKB, respectively. The vertical clock pulse 
VCKA is slightly delayed with respect to the vertical 
clock pulse VCKB by means of a delay circuit 214. 
[0029] Each of the pixel circuits 211 in each column 
is also connected to any of respective data lines 215-1 
- 215-m. These data lines 215-1 - 215-m are connected 
at one end thereof to a current drive type data line drive 
circuit (current driver CS) 216. Luminance information 
is written to the respective pixels by the data line drive 
circuit 216 through the data lines 215-1 - 215-m. 
[0030] Next, operations of the above active matrix 
type display device will be described. As the vertical 
start pulses VSP are fed to the first and the second scan- 
ning line drive circuit213Aand 213B, respectively, these 
scanning line drive circuits 21 3A and 21 3B begin shift 
operations upon receipt of the vertical start pulses VSP, 



sequentially output scanning pulses scanA1-scanA1 n 
and scanB1-scanB1n in synchronism with the vertical 
clock pulses VCKA and VCKB to select scanning lines 
212A-1 - 212A-n, and 212B-1 - 212B-n in sequence. 

s [0031] On the other hand, the data line drive circuit 
216 drives the data lines 21 5-1 - 215-m according to cur- 
rent values determined by the luminance information. 
The current flows through the selected pixels that are 
connected to each of the scanning lines, to perform the 

10 writing operation on a scanning line basis. Each of these 
pixels starts emission of light with intensity in accord with 
the current values. It is noted that, as described previ- 
ously, the vertical clock pulse VCKA is slightly behind 
the vertical clock pulse VCKB so that the scanning line 

15 1 27B becomes non-selective ahead of the scanning line 
127A, as seen in Fig. 3. At the point the scanning line 
127B becomes non-selective, the luminance data is 
stored in the capacitor 123 within the pixel circuit, there- 
by maintaining constant luminance until new data is writ- 

20 ten into next frame. 

[0032] In a case where a current mirror structure as 
shown in Fig. 3 is employed for the pixel circuit, a prob- 
lem arises that the structure involves a larger number of 
transistors as compared with the one as shown in Fig. 

25 1 . That is, in the example shown in Fig. 1 , each pixel is 
formed of two transistors, while, in the example shown 
in Fig. 3, each pixel requires four transistors. 
[0033] Furthermore, in actuality, as disclosed in JP-A- 
11-200843, in many cases, a larger current Iw is needed 

30 for writing from data line as compared with the current 
Idrv flowing through a light-emitting element OLED. The 
reason for this is as follows. Current flowing through the 
light emitting element OLED is generally about a few u.A 
even at the peak luminance. Hence, supposing grada- 

35 tion of 64 levels for the pixel, the magnitude of current 
in the neighborhood of the lowest gradation turns out to 
be several tens nA, which is however too small to be 
supplied correctly to the pixel circuit through a data line 
having a large capacitance. 

40 [0034] This problem can be solved for a circuit shown 
in Fig. 3 by setting the factor (W2/W1 )/(L2/L1 ) to a small 
value to thereby increase the writing current Iw in ac- 
cordance with equation (4). To do this, however, it is nec- 
essary to make the ratio W1/L1 of TFT 125 large. In that 

45 case, since there are many limitations in reducing the 
channel length L1 as described later, the channel width 
W1 must be necessarily made larger, which results in a 
large TFT 125 occupying a large area of the pixel. 
[0035] In the organic EL displays, when the dimen- 

50 sions of a pixel are generally fixed, this means that the 
area of light emitting section of the pixel must be re- 
duced. This results in a loss of reliability of the pixel 
caused by increased current density, increased power 
consumption due to increased drive voltage, coarse 

55 graining of the pixels due to the decrease in the light 
emitting area, and the like, which prevent reduction of 
the pixel size, namely, hinders an improvement for a 
higher resolution. 
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[0036] For example, suppose that writing current on 
the order of a few u. A is preferred in the neighborhood 
of the lowest level of gradation. Then it is necessary to 
make the channel width W1 of the TFT 1 22 as 1 00 times 
larger than that of the TFT 122 if L1 = L2 is assumed. 
This is not the case if L1 < L2. However, there are limi- 
tations on the reduction of the channel length L1 in view 
of withstand voltage of pixels and design rules. 
[0037] Particularly in the current mirror constitution as 
shown in Fig. 3, it is preferred that L1 = L2. This is be- 
cause, considering the fact that the channel length 
greatly affects threshold value of a transistor, saturation 
characteristic in the saturation region thereof, and so on, 
it is advantageous to conform the TFTs 125 and 122 in 
the current mirror configuration by choosing L1 equal to 
L2 so that an exact proportional relationship of the cur- 
rent Idrv to the current Iw is established, which makes 
it possible to provide current of desired magnitude to the 
light emitting element OLED. 

[0038] It is inevitable to have some fluctuations in the 
channel length during the manufacturing process of 
TFTs. Even then, if in design L1 equals L2 and the TFT 
125 and TFT 122 are sufficiently close to each other, 
substantial equality L1 = L2 is guaranteed, should L1 
and 12 deviate to some extent. As a result, the value of 
Idrv/lw according to the equation (4) remains substan- 
tially constant in spite of the fluctuations. 
[0039] On the other hand, if in design L1 < L2, but the 
actual channel lengths are shorter than the design 
lengths, then the shorter channel L1 will be more affect- 
ed relatively than the other, rendering the ratio of L1 to 
L2 susceptible to the fluctuations during the manufac- 
turing process and hence the ratio Idrv/lw of equation 
(4). Consequently, dimensional fluctuations in channel 
length, if they occur on the same panel, can degrade the 
uniformity of an image formed. 

[0040] Furthermore, in the circuit as shown in Fig. 3, 
it is necessary to made large the channel width of the 
TFT 124, serving as a switching transistor (hereinafter 
referred to as scanning transistor in some cases) con- 
necting the data line to the TFT 125, because the writing 
current Iw flows through the TFT 124. This also causes 
a large pixel circuit occupying large area. 
[0041] It is therefore an object of the invention to pro- 
vide an active matrix type display device, an active ma- 
trix type organic EL display device, and methods of driv- 
ing these display devices when pixel circuits are of writ- 
ing current type, by realizing small pixel circuits occupy- 
ing small areas to ensure a high resolution display and 
by realizing accurate current supply to each light emit- 
ting element. 

DISCLOSURE OF THE INVENTION 

[0042] A first active matrix type display device in ac- 
cordance with the invention includes current-writing 
type pixel circuits arranged in a matrix form for allowing 
current to pass through the pixel circuits via a data line 



in accord with luminance to write luminance information 
thereinto, each pixel circuit having an electro-optical el- 
ement whose luminance varies with the current passing 
therethrough, and the pixel circuit comprising a conver- 

5 sion part for converting the current provided from the 
data line into voltage, a hold part for holding the voltage 
converted by the conversion part, and a drive part for 
converting the voltage held in the hold part into current 
and passing the converted current through the electro- 

10 optical element, wherein the conversion part is shared 
between at least two separate pixels in a row direction. 
[0043] A second active matrix type display device in 
accordance with the invention includes current-writing 
type pixel circuits arranged in a matrix form for allowing 

15 current to pass through the pixel circuits via a data line 
in accord with luminance to write luminance information 
thereinto, each pixel circuit having an electro-optical el- 
ement whose luminance varies with the current passing 
therethrough, the pixel circuit comprising a first scan- 

20 ning switch for selectively passing the current provided 
from the data line, a conversion part for converting the 
current provided through the first scanning switch into 
voltage, a second scanning switch for selectively pass- 
ing the voltage converted by the conversion part, a hold 

25 part for holding the voltage supplied thereto through the 
second scanning switch, and a drive part for converting 
the voltage held in the hold part into current and passing 
the converted current through the electro-optical ele- 
ment, wherein the first scanning switch is shared be- 

30 tween at least two separate pixels in a row direction. 
[0044] A method of driving an active matrix type dis- 
play device in accordance with the invention comprises 
a step of setting second scanning switch to have a se- 
quential selective status by sequentially selecting the 

35 preceding row and then the later row while first scanning 
switch has a selective status when writing to at least two 
separate pixels in a row direction. 
[0045] A first active matrix type electroluminescent 
display device in accordance with the invention includes 

40 current-writing type pixel circuits arranged in a matrix 
form for allowing current to pass through the pixel cir- 
cuits via a data line in accord with luminance to write 
luminance information thereinto, each pixel circuit utiliz- 
ing as a display element organic electroluminescent el- 

45 ement having a first electrode, a second electrode and 
layers of electroluminescent organic material, the layers 
being placed between the electrodes and including a 
Light-emitting layer, the pixel circuit comprising a con- 
version part for converting the current provided from the 

50 data line into voltage; a hold part for holding the voltage 
converted by the conversion part; and a drive part for 
converting the voltage held in the hold part into current 
and passing the converted current through the organic 
electroluminescent element, wherein the conversion 

55 part is shared between at least two separate pixels in a 
row direction. 

[0046] A second active matrix type electrolumines- 
cent display device in accordance with the invention in- 
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eludes current-writing type pixel circuits arranged in a 
matrix form for allowing current to pass through the pixel 
circuits via a data line in accord with luminance to write 
luminance information thereinto, each pixel circuit utiliz- 
ing as a display element organic electroluminescent el- 
ement having a first electrode, a second electrode and 
layers of electroluminescent organic material, the layers 
being placed between the electrodes and including a 
light-emitting layer, the pixel circuit comprising a first 
scanning switch for selectively passing the current pro- 
vided from the data line, a conversion part for converting 
the current provided by the first scanning switch into 
voltage, a second scanning switch for selectively pass- 
ing the voltage converted by the conversion part, a hold 
part for holding the voltage supplied thereto through the 
second scanning switch, and a drive part for converting 
the voltage held in the hold part into current and passing 
the converted current through the electro-optical ele- 
ment, wherein the first scanning switch is shared be- 
tween at least two separate pixels in a row direction. 
[0047] A method of driving an active matrix type elec- 
troluminescent display device in accordance with the in- 
vention comprises a step of setting second scanning 
switch to have a sequential selective status by sequen- 
tially selecting the preceding row and then the later row 
while first scanning switch has a selective status when 
writing to at least two separate pixels in a row direction. 
[0048] In the active matrix type display device having 
the above configuration or an active matrix type organic 
EL display device utilizing organic EL elements as the 
electro-optical elements, the first scanning switch and 
conversion part are possibly designed to have a large 
area due to the fact that they deal with a large current 
as compared with the electro-optical elements. It is not- 
ed that the conversion part is used only when luminance 
information is written, and that the first scanning switch 
collaborates with the second scanning switch to perform 
scanning in a row direction (for a selected row). Noting 
this feature, either or both of the first scanning switch 
and/or the conversion part may be shared between mul- 
tiple pixels in a row direction, to thereby decrease the 
area of the pixel circuit occupying each pixel, which 
would be otherwise much larger. In addition, if the area 
of the pixel circuit occupying each pixel is the same, a 
degree of freedom of layout design increases, so that 
current can be supplied to the electro-optical element 
more precisely. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0049] 

Fig. 1 is a circuit diagram of a conventional pixel 
circuit; 

Fig. 2 is a block diagram showing a configuration 
example of a conventional active matrix type dis- 
play device utilizing pixel circuits; 
Fig. 3 is a circuit diagram of a current- writing type 



pixel circuit according to prior application; 
Fig. 4A is a timing chart showing timing of signal 
scan A for a scanning line 127A of the current-writ- 
ing type pixel circuit of Fig. 3; 
5 Fig. 4B is a timing chart showing timing of signal 

scanB for scanning line 127B; 
Fig. 4C is a timing chart showing active current data 
of the current driver CS; 

Fig. 4D is a timing chart showing OLED luminance 
10 information; 

Fig. 5 is a block diagram of an active matrix type 
display device utilizing current- writing type pixel cir- 
cuits in accordance with prior application; 
Fig. 6 is a circuit diagram showing a first embodi- 
es ment of a current-writing type pixel circuit according 
to the invention; 

Fig. 7 is a cross sectional view of an exemplary or- 
ganic EL element. 

Fig. 8 is a cross sectional view of a pixel circuit for 
20 extracting light from the backside side of a sub- 
strate; 

Fig. 9 is a cross sectional view of a pixel circuit for 
extracting light from the front surface side of a sub- 
strate;- 

25 Fig. 10 is a block diagram showing a first embodi- 
ment of an active matrix type display device utilizing 
a first current- writing pixel circuit according to the 
invention; 

Fig. 11 is a circuit diagram of a first pixel circuit ob- 
30 tained by modifying the first embodiment; 

Fig. 12 is a circuit diagram of a second pixel circuit 
obtained by modifying the first embodiment; 
Fig. 13 is a circuit diagram showing a second em- 
bodiment of a current- writing type pixel circuit ac- 
35 cording to the invention; 

Fig. 14 is a block diagram showing an active matrix 
type display device utilizing the second embodi- 
ment of the current-writing pixel circuit according to 
the invention; 

40 Fig. 15A is a timing chart showing timing of signal 
scanA (K of the current-writing type pixel circuit 
shown in Fig. 14; 

Fig. 15B is a timing chart showing timing of signal 
scanA(K+1); 

45 Fig. 15C is a timing chart showing timing of signal 
scanB(2K-1); 

Fig. 15D is a timing chart showing timing of scan- 
ning scanB (2K); 

Fig. 15E is a timing chart showing timing of scan- 
so ning scanB (2K+1); 

Fig. 15F is a timing chartshowing timing of scanning 
scanB (2K+2); 

Fig. 1 5G is a timing chart showing active current da- 
ta of the current driver CS; and 
55 Fig. 16 is a circuit diagram of a modified pixel circuit 
obtained by modifying the second embodiment of 
the invention. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

[0050] Preferred embodiments of the invention will 
now be described in detail by way of example with ref- 
erence to the accompanying drawings. 

FIRST EMBODIMENT 

[0051] Fig. 6 illustrates a circuit diagram of a first em- 
bodiment of a current-writing type pixel circuit according 
to the invention, in which only two neighboring pixels 
(pixel 1 and 2) in a column are shown for simplicity's 
sake in drawing. 

[0052] As shown in Fig. 6, the pixel circuit P of pixel 
1 comprises OLED (organic EL element) 11-1 having an 
anode connected to a positive voltage supply Vdd, a 
TFT 12-1 having a drain connected to a cathode of the 
OLED 11-1 and a grounded source, a capacitor 13-1 
connected to a gate of the TFT12-1 and the ground (ref- 
erence potential point), a TFT 14-1 having a drain con- 
nected to a data line 17 and a gate connected to a first 
scanning line 18A-1, respectively, a TFT 15-1 having a 
drain connected to a source of TFT 14-1 , a source con- 
nected to the gate of the TFT 12-1, and a gate connected 
to a second scanning line 18B-1 , respectively. 
[0053] Similarly, the pixel circuit P2 of pixel 2 compris- 
es OLED 11-2 having an anode connected to the posi- 
tive voltage source Vdd, a TFT 12-2 having a drain con- 
nected to a cathode of the OLED 11-2 and a grounded 
source, a capacitor 1 3-2 connected to a gate of the TFT 
12-2 and the ground, a TFT 14-2 having a drain con- 
nected to the data line 17, and a gate connected to a 
first scanning line 18A-2, respectively, a TFT 15-2 hav- 
ing a drain connected to a source of the TFT14-2, a 
source connected to the gate of the TFT 12-2, and a 
gate connected to a second scanning line 18B-2, re- 
spectively. 

[0054] A so-called diode connection type TFT 16 
whose drain and gate are short-circuited is shared be- 
tween the pixel circuits P1 and P2 of the two pixels. That 
is, the drain and the gate of the TFT 1 6 are respectively 
connected to the source of the TFT 14-1 and the drain 
of the TFT 15-1 of the pixel circuit P1 and to the source 
of the TFT 1 4-2 and the drain of the TFT 1 5-2 of the pixel 
circuit P2, respectively. The source of the TFT 16 is 
grounded. 

[0055] In the example shown herein, the TFTs 12-1 
and 12-2 and the TFT 16 are N-channel MOS transis- 
tors, while the TFTs 14-1, 14-2, 15-1, and 15-2 are P- 
channel MOS transistors. 

[0056] In the above arrangement of the pixel circuits 
P1 and P2, the TFTs 14-1 and 14-2 function as a first 
scanning switch for selectively supplying the TFT 16 
with current Iw provided from the data line 17. The TFT 
1 6 functions as a conversion part for converting the cur- 
rent Iw supplied from the data line 17 via the TFTs 14-1 
and 14-2 into voltage and constitutes current mirror cir- 
cuit together with the TFTs 12-1 and 12-2 f which will be 



described later. The reason why the TFT 16 can be 
shared between the pixel circuits P1 and P2 is that the 
TFT 16 is used only at the moment of writing by the cur- 
rent Iw. 

5 [0057] The TFTs 15-1 and 15-2 function as a second 
scanning switch for selectively supplying the capacitors 
13-1 and 13-2 with the voltage converted by the TFT 16. 
The capacitors 13-1 and 13-2 function as hold parts for 
holding the voltages, which are converted from the cur- 

10 rent by the TFT 16 and supplied via the TFTs 15-1 and 
15-2. The TFTs 12-1 and 12-2 function as drive parts for 
converting the voltages held in the respective capacitors 
13-1 and 13-2 into respective currents and passing the 
converted currents through the OLED 11-1 and 11-2 to 

15 allow the OLED 11-1 and 11-2 to emit light. The OLEDs 
11-1 and 11-2 are electro-optical elements whose lumi- 
nance varies with the currents passing through them. - 
Detailed structures of the OLEDs 11-1 and 11-2 will be 
described later. 

20 [0058] Writing operations of the first embodiment of 
the pixel circuit described above for writing luminance 
data will now be described. 

[0059] First, consider writing luminance data to the 
pixel 1. In this case, the current Iw is provided with the 

25 data line 17 in accordance with the luminance data with 
both of the scanning lines 18A-1 and 18B-1 being se- 
lected (in the example shown herein, scanning signals 
scanAI and scanBI are both LOW levels). The current 
Iw is supplied to the TFT 16 via the currently conductive 

30 TFT 14-1. Because of the current Iw flowing through the 
TFT 16, voltage corresponding to the current Iw is gen- 
erated on the gate of the TFT 1 6. This voltage is held in 
the capacitor 13-1 . 

[0060] This causes current to flow through the OLED 
35 11-1 via the TFT 12-1 in response to the voltage held in 
the capacitor 13-1. Thus, an emission of light starts in 
the OLED 11-1 . The writing of the luminance data to pix- 
el 1 is completed when both the scanning lines 18A-1 
and 18B-1 assume non-selective status (scanning sig- 
40 nal scanAI and scanBI being pulled to HIGH levels). 
During the sequence of steps described above, scan- 
ning tine 18B-2 stays in the non-selective status, so that 
OLED 11-2 of the pixel 2 keeps on emitting light with the 
luminance determined by the voltage held in the capac- 
45 jtor 1 3-2, without being affected by the writing to the pixel 
1. 

[0061] Next, consider writing luminance data to the 
pixel 2. This can be done by selecting both of the scan- 
ning lines 18A-2and 18B-2 (with scanning signal scanA- 

50 2 and scanB-2 being LOW levels), and by supplying cur- 
rent Iwto the data line 17 in accordance with the lumi- 
nance data. Because of the current Iw flowing through 
the TFT 16 via the TFT 14-2, voltage corresponding to 
the current Iw is generated on the gate of the TFT 16. 

55 This voltage is held in the capacitor 13-2. 

[0062] Current corresponding to the voltage held in 
the capacitor 13-2 flows through the OLED 11-2 via the 
TFT 12-2, thereby causing the OLED 11-2 to emit light. 
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During the sequence of the steps described above, 
scanning line 18B-1 maintains the non-selective status, 
so that OLED 11-1 of the pixel 1 continues light emission 
with the luminance determined by the voltage held in the 
capacitor 13-1, without being affected by the writing to 
the pixel 2. 

[0063] That is, the two pixel circuits P1 and P2 of Fig. 
6 behave in exactly the same way as the two pixel cir- 
cuits of prior application as shown in Fig. 3. However, in 
the invention, the current-voltage conversion TFT 16 is 
shared between two pixels. Accordingly, one transistor 
may be omitted for every two pixels. As noted previous- 
ly, the magnitude of the current Iw is extremely larger 
than the current flowing through the OLED. The current- 
voltage conversion TFT 1 6 must be large sized to direct- 
ly deal with such large current Iw. Hence, it is possible 
to minimize that portion of the area occupied by the TFTs 
in the pixel circuits by configuring the current-voltage 
conversion TFT 16 to be shared between the two pixels 
as shown in Fig. 6. 

[0064] As an example, a structure of the organic EL 
element will be described. Fig. 7 shows a cross section 
of an organic EL element. As apparent from Fig. 7, the 
organic EL etement is formed of a substrate 21 made 
of, for example, a transparent glass, and a first electrode 
22 made of transparent conductive layer (for example, 
anode) on the substrate 21. Further, on the first elec- 
trode 22, a positive hole carrier layer 23, a light emitting 
layer 24, electron carrier layer 25 and an electron injec- 
tion layer 26 are deposited in order, thereby forming or- 
ganic layers 27. Thereafter, a second metallic electrode 
(for example, cathode) 28 is formed on the organic lay- 
ers 27. Applying DC voltage E across the first electrode 
22 and the second electrode 28 causes the light emitting 
layer 24 to emit light when electrons and positive holes 
are recombined. 

[0065] In the pixel circuit having such an organic EL 
element (OLED), TFTs formed on the glass substrate 
are used as active elements as previously described, 
for reasons as stated below. 

[0066] Because the organic EL display device is a di- 
rect view type one, it is relatively large in size. Hence, 
due to limitations in cost and production capability, it is 
not realistic to use a single crystalline silicon substrate 
as the active element. Further, in order to allow the light 
to be emitted from the light emitting part, a transparent 
conductive layer of indium tin oxide (ITO) is normally 
used as the first electrode (anode) 22 as shown in Fig. 
7. Mostly, the ITO film is formed at a high temperature 
which is generally too high for the organic layer 27, and 
in such a case, the ITO layer must be formed before the 
organic layer 27 is formed. Hence, in general, the man- 
ufacture thereof proceeds as follows. 
[0067] Manufacturing processes of TFT and organic 
EL element in the pixel circuits for use in the organic EL 
display device will be described below referring to the 
cross sectional view of Fig. 8. 

[0068] First, a gate electrode 32, a gate insulation lay- 



er 33, and a semiconductor thin film 34 of amorphous 
(i.e. non-crystalline) silicon are formed in sequence 
through deposition and patterning of the respective lay- 
ers, thereby forming a TFT on the glass substrate 31. 

5 On top of the TFT, an interlayer insulation film 35 is 
formed, and then a source electrode 36 and a drain elec- 
trode 37 are electrically connected to the source region 
(S) and the drain region (D) of the TFT across the inter- 
layer insulation film 35. A further interlayer insulation 

10 film 38 is deposited thereon. 

[0069] In some cases, the amorphous silicon may be 
transformed into polysilicon by a heat treatment such as 
laser annealing. In general, polysilicon has larger carrier 
mobility than amorphous silicon has, thereby permitting 

15 production of a TFT having a larger current drivability. 
[0070] Next, a transparent electrode 39 of ITO is 
formed as the anode (corresponding to the first elec- 
trode 22 of Fig. 7) of the organic EL element (OLED). 
Then, an organic El layer 40 (corresponding to the or- 

20 ganic layer 27 of Fig. 7) is deposited thereon to form an 
organic EL element. Finally, a metallic layer (e.g. alumi- 
num) is deposited, which will be later formed into the 
cathode 41 (corresponding to the second electrode 28 
of Fig. 7). 

25 [0071] In the arrangement described above, light is 
taken out from the backside (under side) of the substrate 
31. Hence, it is necessary that the substrate 31 should 
be made of a transparent material (which is normally a 
glass). For this reason, a relatively large glass substrate 

30 31 is used in an active matrix type organic EL display 
device, and as active elements, TFT that can be depos- 
ited on the substrate is usually used. An arrangement 
that light can be taken out from the front (upper) face of 
the substrate 31 has been recently adopted. A cross 

35 sectional view of such the arrangement is shown in Fig. 
9. This arrangement differs from the one shown in Fig. 
8 in that a metallic electrode 42, an organic EL layer 40, 
and a transparent electrode 43 are sequentially depos- 
ited on the interlayer insulation film 38, thereby forming 

40 an organic EL element. 

[0072] As would be apparent from the above shown 
cross sectional view of the pixel circuit, in the active ma- 
trix type organic EL display device adapted to release 
light from the backside of the substrate 31 , light emitting 

45 part of the organic EL element is positioned in vacant 
space between the TFTs after the TFTs a re formed. This 
means that, if the transistors forming the pixel circuits 
are large, they occupy much of the area in the pixels, 
and lessen the area for the light emitting part. 

so [0073] In contrast, the pixel circuit of the invention has 
the arrangement as shown in Fig. 6, in which the current- 
voltage conversion TFT 16 is shared between two pix- 
els, the area occupied by the TFTs is decreased and 
hence the area for the light emitting parts can be in- 

55 creased accordingly. If the light emitting part is not in- 
creased, the size of the pixel may be decreased, so that 
a display device of a higher resolution can be realized. 
[0074] Alternatively, in the circuit arrangement, as 
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shown in Fig. 6, one transistor can be omitted for every 
two pixels, which increases the degree of freedom in the 
layout design of the current-voltage conversion TFT 1 6. 
In this case, as described previously in connection with 
the related art, a large channel width W is allowed for 
the TFT 16, and thus, a high precision current mirror cir- 
cuit can be designed without recklessly decreasing the 
channel length L. 

[0075] In the circuit shown in Fig. 6, a pair of the TFT 
1 6 and TFT 1 2-1 and a pair of the TFT 1 6 and TFT 1 2-2 
form respective current mirrors, whose characteristics, 
e.g. threshold Vth, are preferably identical. Hence, the 
transistors forming the current mirrors are preferably 
disposed in close proximity to each other. 
[0076] Although the TFT 1 6 is shared between the two 
pixels 1 and 2 in the circuit of Fig. 6, it will be apparent 
that the TFT 16 can be shared between more than two 
pixels. In this case, further reduction of the size of a 
pixel circuit and hence the occupied area in the pixel 
circuit, is possible. However, in a case where a current- 
voltage conversion transistor is shared between multi- 
ple pixels, it might be difficult to dispose all the OLED 
drive transistors (e.g. TFT 12-1 and TFT 12-2 of Fig. 6) 
close to that current-voltage conversion transistor (e.g. 
TFT 16 of Fig. 6). 

[0077] As described above, an active matrix type dis- 
play device, which is an active matrix type organic EL 
display device in the example shown herein, can be 
formed by arranging current-writing type pixel circuits in 
accordance with the first embodiment of the invention 
in a matrix form. Fig. 10 is a block diagram showing such 
active matrix type organic EL display device. 
[0078] As shown in Fig. 10, connected to each of cur- 
rent-writing type pixel circuits 51 arranged in m-by-n ma- 
trix are respective first scanning Lines 52A-1 - 52A-n 
and respective second scanning lines 52B-1 - 52B-n in 
a row-by-row basis. In each pixel, the gate of the scan- 
ning TFT 14 (14-1, 14-2) of Fig. 6 is connected to any 
one of the first scanning lines 52A-1 - 52A-n, respec- 
tively, and the gate of the scanning TFT 15 (15-1, 15-n) 
of Fig. 6 is connected to any one of the second scanning 
lines 52B-1 - 52B-n, respectively. 
[0079] Provided on the left side of the pixel section is 
a first scanning line drive circuit 53A for driving the scan- 
ning lines 52A-1 - 52A-n, and provided on the right side 
of the pixel section is a second scanning line drive circuit 
53B for driving the second scanning lines 52B-1 - 52B- 
n. The first and second scanning line drive circuits 53A 
and 53B are formed of shift registers. These scanning 
line drive circuits 53A and 53B are each supplied with a 
common vertical start pulse VSP and vertical clock puls- 
es VCKA and VCKB. The vertical clock pulse VCKA is 
slightly delayed by a delay circuit 54 with respect to the 
vertical clock pulse VCKB. 

[0080] Also, each pixel circuit 51 in a column is pro- 
vided with any one of the respective data line 55-1 - 
55-m. These data lines 55-1 - 55-m are connected at 
one end thereof to the current drive type data line drive 



circuit (current driver CS) 56. Luminance information is 
written to each pixel by the data line drive circuit 56 
through the data lines 55-1 - 55-m. 
[0081] Operations of the active matrix type organic EL 

5 display device described above will now be described. 
As a vertical start pulse VSP is fed to the first and the 
second scanning line drive circuits 53A and 53B, these 
scanning line drive circuits 53A and 53B start shifting 
operations upon receipt of the vertical start pulse VSP, 

10 thereby sequentially outputting scanning pulses 
scanA1-scanA1n and scanB1-scanB1n in synchronism 
with the vertical clock pulses VCKA and VCKB to se- 
quentially select the scanning lines 52A-1 - 52A-n and 
52B-1 - 52B-n. 

15 [0082] On the other hand, the data line drive circuit 56 
drives each of the data lines 55-1 - 55-m with current 
values in accordance with the perkinent luminance in- 
formation. This current flows through the pixels that are 
connected to the scanning line selected , carrying out the 

20 current-writing operation by the scanning line. This 
causes each of the pixels to start emission of light with 
intensity in accordance with the current values. It is not- 
ed that since the vertical clock pulse VCKA slightly lag 
the vertical clock pulse VCKB. the scanning lines 18B- 

25 1 and 1 8B-2 become non-selective prior to the scanning 
lines 18A-1 and 18A-2, as shown in Fig. 6. At the point 
in time the scanning lines 18B-1 and 18B-2 have be- 
come non-selective, luminance data is held in the ca- 
pacitor 13-1 and 1 3-2 within the pixel circuit, so that each 

30 pixel remains lighted at a constant luminance until new 
data is written into next frame. 

FIRST MODIFICATION OF THE FIRST EMBODIMENT 

35 [0083] Fig. 11 is a circuit diagram showing a first mod- 
ification of the pixel circuit in accordance with the first 
embodiment. Like reference numerals in Figs. 11 and 6 
represent like or corresponding elements. Again, for 
simplicity of illustration, only two pixel circuits of two 

40 neighboring pixels (denoted as pixels 1 and 2) in a col- 
umn are illustrated. 

[0084] In the first modification, current- voltage con- 
version TFTs 16-1 and 16-2 are respectively provided 
in pixel circuits P1 and P2. This configuration apparently 

45 seems to be similar to the pixel circuit shown in Fig. 3 
in connection with prior application. However, the pixel 
circuit is different from the one shown in Fig. 3 in that the 
drain - gate couplings of the diode connected TFTs 16-1 
and 16-2 are further coupled together for common use 

50 between the pixel circuits P1 and P2. 

[0085] That is, in these pixel circuits P1 and P2, the 
sources of the TFTs 16-1 and 16-2 are grounded so that 
they are functionally equivalent to a single transistor el- 
ement. Thus, the circuit shown in Fig. 11 having the 

55 drain-gate couplings of TFTs 16-1 and 16-2 commonly 
coupled is practically the same as the circuit shown in 
Fig. 6 having TFT16 shared between two pixels. 
[0086] Because the TFTs 16-1 and 16-2 together are 
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equivalent to a single transistor element, and because 
writing current Iw flows through the TFTs 1 6-1 and 1 6-2, 
thechannel width of each of the TFTs 16-1 and 16-2 can 
be equal to the one to which the channel width of the 
current-voltage conversion TFT 125 of the pixel circuit 
shown in Fig. 3 in connection with the prior application 
is halved, as compared with the pixel circuit shown in 
Fig. 3 in connection with the prior application. As a re- 
sult, the area occupied by the TFTs in the pixel circuit 
can be made smaller than that of the pixel circuits in 
connection with the prior application. 
[0087] It will be apparent that the configuration de- 
scribed above in the first modification can be applied not 
only to two pixels but also to more than two pixels as in 
the first embodiment 

SECOND MODIFICATION OF THE FIRST 
EMBODIMENT 

[0088] Fig. 1 2 shows a circuit diagram showing a sec- 
ond modification of a pixel circuit in accordance with the 
first embodiment. Like reference numerals in Figs. 12 
and 6 represent like or corresponding elements. In this 
second modification also, only two neighboring pixels 
(pixels 1 and 2) in a column are shown for simplicity of 
illustration. 

[0089] In the second modification, scanning line is 
(18-1 and 18-2) are respectively provided to each pixel 
one by one, so that the gates of the TFTs 14-1 and 15-1 
are connected in common to the scanning line 18-1 
while the gates of the scanning TFTs 14-2 and 15-2 are 
connected in common to the scanning line 18-1 . In this 
respect, this modified pixel circuit differs from the one 
according to the first embodiment in which both of two 
scanning lines are provide to each pixel. 
[0090] In operation, row-wise scanning is performed 
by a single scanning signal in the second modification, 
in contrast to the first embodiment where row-wise scan- 
ning is performed by a set of two scanning signals (A 
and B). However, the second modification is equivalent 
to the first embodiment not only in configuration of the 
pixel circuit but also in function thereof. 

SECOND EMBODIMENT 

[0091] Fig. 13 is a circuit diagram showing a second 
embodiment of a current-writing type pixel circuit ac- 
cording to the invention. Like reference numerals in 
Figs. 1 3 and 6 represent like or corresponding elements. 
Here, for simplicity of illustration, only two neighboring 
pixels (pixels I and 2) in a column are shown. 
[0092] As compared to the first embodiment in which 
a current- voltage conversion TFT 16 is shared between 
two pixels, the pixel circuit of the second embodiment 
has an the first scanning TFT 1 4 serving as a first scan- 
ning switch is also shared between two pixels. That is, 
regarding "A" group of scanning lines, one scanning line 
18A is provided to every two pixels, and the gate of sin- 



gle scanning TFT 14 is connected to the scanning line 
18A, and the source of the scanning TFT 14 is connect- 
ed to the drain and the gate of the current-voltage con- 
version TFT 16 and to the drains of the scanning TFTs 

5 15-1 and 15-2 serving as a second scanning switch. 
[0093] The scanning line 18A of the "A" group shown 
in Fig. 13 is supplied with a timing signal scanA. The 
scanning line 18B-1 of B group is supplied with a timing 
signal scanBI , while the scanning line 1 8B-2 is supplied 

10 with a timing signal scanB-2. OLED luminance informa- 
tion (luminance data) is supplied to the data line 17. The 
current driver CS feeds bias current Iw to the data line 
17 in accordance with active current data based on the 
OLED luminance information. 

15 [0094] Writing operations of luminance data to a cur- 
rent-writing type pixel circuit in accordance with the sec- 
ond embodiment described above will now be de- 
scribed. 

[0095] First, consider writing luminance data to the 
20 pixel 1 . In this case, the current Iw is provided with the 
data line 17 in accordance with the luminance data with 
both of the scanning lines 18A and 18B-1 being selected 
(in the example shown herein, scanning signals scanA 
and scanBI are both LOW levels). The current Iw is sup- 
25 plied to the TFT 1 6 via the currently conductive TFT 14. 
Because of the current Iw flowing through the TFT 16, 
voltage corresponding to the current Iw is generated on 
the gate of the TFT 16. This voltage is held in the ca- 
pacitor 13-1 . 

30 [0096] This causes current to flow through the OLED 
11-1 via the TFT 12-1 in response to the voltage held in 
the capacitor 13-1. Thus, an emission of light starts in 
the OLED 11-1 . The writing of the luminance data to pix- 
el 1 is completed when both the scanning lines 18A and 

35 18B-1 assume non-selective status (scanning signal 
scanA and scanB being pulled to HIGH levels). During 
the sequence of steps described above, scanning line 
18B-2 stays in the non-selective status, so that OLED 
11-2 of the pixel 2 keeps on emitting light with the lumi- 

40 nance determined by the voltage held in the capacitor 
1 3-2, without being affected by the writing to the pixel 1 . 
[0097] Next, consider writing luminance data to the 
pixel 2. This can be done by selecting both of the scan- 
ning lines 18A and 18B-2 (with scanning signal scanA 

45 and scanB-2 being LOW levels), and by supplying cur- 
rent Iw to the data line 17 in accordance with the lumi- 
nance data. Because of the current Iw flowing through 
the TFT 16 via the TFT 14, voltage corresponding to the 
current Iw is generated on the gate of the TFT 16. This 

50 voltage is held in the capacitor 13-2. 

[0098] Current that corresponds to the voltage held in 
the capacitor 13-2 flows through the OLED 11-2 via the 
TFT 12-2, thereby causing the OLED 11-2 to emit light. 
During the sequence of the steps described above, 

55 scanning line 18B-1 maintains the non-selective status, 
so that OLED 1 1 -1 of the pixel 1 continues emitting light 
with the luminance determined by the voltage held in the 
capacitor 13-1. without being affected by the writing to 
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the pixel 2. 

[0099] Although the scanning line 18A must be select- 
ed during the writing to the pixels 1 and 2 as described 
above, the scanning line 18A may be reset to the non- 
selective status at a suitable timing after the completion 
of writing to the two pixels 1 and 2. Control of the scan- 
ning line 18A will now be described. 
[0100] As described above, an active matrix type dis- 
play device, which is an active matrix type organic EL 
display device in the example shown herein, can be 
formed by arranging the above pixel circuits in accord- 
ance with the second embodiment in a matrix form. Fig. 
14 is a block diagram showing such active matrix type 
organic EL display device. Like reference numerals in 
Figs. 14 and 10 represent like or corresponding ele- 
ments. 

[0101] In the active matrix type organic EL display de- 
vice according to this embodiment, the first scanning 
lines 52A-1, 52A-2... are provided to each of the pixel 
circuits 51 arranged in a matrix of m columns by n rows, 
with one scanning line for every two rows (i.e. one scan- 
ning line for two pixels). Hence, the number of the first 
scanning lines 52A-1, 52A-2, ... is one half the number 
n of the pixels in a vertical direction (=n/2). 
[0102] On the other hand, the second scanning lines 
52B-1, 52B-2 ... are provided with one scanning line for 
each row. Hence, the number of the second scanning 
lines 52B-1, 52B-2, ... equals n. in each pixel, the gate 
of the scanning TFT 14 shown in Fig. 13 is connected 
to the first scanning lines 52A-1, 52A-2... respectively, 
and the gates of the scanning TFTs 15 (1 5-1 and 15-2) 
are connected to the second scanning lines 52B-1 , 52B- 
2... respectively. 

[0103] Figs. 15A-15G are timing charts each for writ- 
ing operations in the above active matrix type organic 
EL display device. The timing charts represent writing 
operations for four pixels in the 2k-1 st row through 
2k+1 st row (k being an integer) counting from top to bot- 
tom. 

[0104] In writing to the pixels in the 2k-1 st and 2k th 
rows, scanning signal scanA (k) is set to the selective 
status (which is LOW level in the example shown herein) 
as shown in Fig. 15A. During this period, selecting the 
scan signal scanB (2k-1) as shown in Fig. 15C and the 
scan signal scanB (2k) as shown in Fig. 15D in se- 
quence allows the writing to the two pixels in these rows 
to be made. Next, in writing to the pixels in the rows 
2k+1 st and 2k+2 nd , the scanning signal scanA (k+1) as 
shown in Fig. 1 5B is set to the selective status (which is 
LOW level in the example shown herein). During this 
period, sequentially selecting the scanning signal scanB 
(2k+1) as shown in Fig. 15E and the scanning signal 
scanB (2k+2) as shown in Fig. 15F allows the writing to 
the two pixels in these rows to be accomplished. Fig. 
15G shows active current data in the current driver CS 
56. 

[0105] As described above, in the pixel circuit in ac- 
cordance with the second embodiment, the scanning 



TFT 14 and the current-voltage conversion TFT 16 are 
shared between two pixels. Hence, the number of tran- 
sistors per two pixels is six, which is less than that of the 
pixel circuit shown in Fig. 3 in connection with prior ap- 

5 plication by 2. Nevertheless, the inventive pixel circuit 
can attain the same writing operation as the pixel circuit 
in connection with the prior application. 
[01 06] It is noted that, like the current-voltage conver- 
sion TFT 16, in order for the scanning TFT 14 to deal 

10 with extremely large current Iw as compared with the 
current through the OLED (organic EL element), the 
TFT 14 must have large dimensions, and hence occupy 
a large area in the pixel. Therefore, the circuit configu- 
ration as shown in Fig. 13 helps advantageously mini- 

15 mize the occupied area in the pixel circuit that is occu- 
pied by the TFTs, since not only the current-voltage con- 
version TFT 1 6 but also the scanning TFT 14 are shared 
between two pixels in this configuration. It is thus pos- 
sible in the second embodiment to attain much a higher 

20 resolution than the first embodiment by enlarging the di- 
mensions of the light emitting part or reducing the pixel 
size. 

[0107] Although, in this embodiment, the scanning 
TFT 14 and the current-voltage conversion TFT 16 are 

25 also shared between two pixels, it will be apparent that 
they can be shared between more than two pixel cir- 
cuits. In that case, merits of reducing the number of the 
transistors are significant. However, sharing of the scan- 
ning TFT 14 between too many transistors will make it 

30 difficult to arrange so many OLED drive transistors (e. 
g. TFTs 12-1 and 12-2 of Fig. 13) close to the current- 
voltage conversion transistor (e.g. TFT 16 of Fig. 13) in 
each pixel circuit. 

[01 08] In the embodiment described herein, the scan- 
35 ning TFT 14 and the current-voltage conversion TFT 16 
are presumably shared between a multiplicity of pixels. 
However, it is also possible to have only the scanning 
TFT 14 shared between the multiple pixels. 

40 MODIFICATION OF THE SECOND EMBODIMENT 

[0109] Fig. 16 is a circuit diagram showing a modifi- 
cation of the pixel circuit in accordance with the second 
embodiment. Like reference numerals in Figs. 16 and 
45 13 represent like or corresponding elements. Again, for 
simplicity of illustration, only two pixel circuits of two 
neighboring pixels (denoted by pixels 1 and 2) in a col- 
umn are illustrated. 

[0110] In the pixel circuit in accordance with this mod- 
50 ification, pixel circuits P1 and P2 are respectively pro- 
vided with the scanning TFTs 1 4-1 and 14-2 and the cur- 
rent-voltage conversion TFTs 16-1 and 16-2. Specifical- 
ly, the gates of the respective scanning TFTs 14-1 and 
1 4-2 are connected in common to the scanning line 1 8A. 
55 The respective drains and the gates of the diode-con- 
nected TFTs 16-1 and 16-2 are connected in common 
to each other between pixel circuits P1 and P2, and fur- 
ther connected to the sources of the scanning TFTs 14-1 
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and 14-2. 

[0111] As is apparent from the above connection re- 
lationship, since the scanning TFTs 14-1 and 14-2 and 
the current- voltage conversion TFTs 16-1 and 16-2 are 
respectively connected in parallel, they are functionally 
equivalent to a single transistor element. In this regard, 
the circuit shown in Fig. 16 is substantially equivalent to 
the one shown in Fig. 13. 

[0112] In the pixel circuit in accordance with this mod- 
ification, the number of transistors is the same as that 
of transistors for two pixels of the pixel circuit shown in 
Fig. 3 in connection with the prior application. However, 
in this configuration, since writing current Iw flows 
through the TFT 14-1 and TFT 14-2, and through the 
TFTs 16-2 and 16-2, the channel width of these transis- 
tors can be equal to the one to which that of the pixel 
circuit in connection with the prior application is halved. 
Accordingly, as in the pixel circuit in accordance with the 
second embodiment, the area occupied by the TFTs in 
the pixel circuit can be extremely reduced. 
[0113] Although in al! of the embodiments and their 
modifications described above, the transistors forming 
current mirror circuits are presumably N-channel MOS 
transistors, and the scanning TFTs are p-channel MOS 
transistors. However, it should be understood that these 
embodiments have been presented for purposes of il- 
lustration and description, and not to limit the invention 
in the form disclosed. 

INDUSTRIAL UTILITY OF THE INVENTION 

[0114] As described above, an active matrix type dis- 
play device, an active matrix type organic EL display de- 
vice, and a method of driving these display devices in 
accordance with the invention enable current-voltage 
conversion parts and/or scanning switches to be shared 
between at least two pixels so that these current-voltage 
conversion parts and scanning switches allow a large 
current as compared with light emitting elements (elec- 
tro-optical elements). Because of this arrangement, the 
area occupied by pixel circuits per pixel can be reduced. 
Thus, it is possible to increase the area of light emitting 
part and/or reduce the size of pixels for a higher reso- 
lution. The invention may also increase a degree of free- 
dom in the layout design of a drive circuit, thereby form- 
ing a pixel circuit with a high accuracy. 



Claims 

1. An active matrix type display device including cur- 
rent-writing type pixel circuits arranged in a matrix 
form for allowing current to pass through said pixel 
circuits via a data line in accord with luminance to 
write luminance information thereinto, each pixel 
circuit having an electro-optical element whose lu- 
minance varies with the current passing there- 
through, and said pixel circuit comprising: 



a conversion part for converting the current pro- 
vided from the data line into voltage; 
a hold part for holding the voltage converted by 
said conversion part; and 

5 a drive part for converting the voltage held in 

said hold part into current and passing the con- 
verted current through said electro-optical ele- 
ment, wherein said conversion part is shared 
between at least two separate pixels in a row 

10 direction. 

2. The active matrix type display device according to 
claim 1 , wherein said pixel circuit has said conver- 
sion part shared between pixels in two neighboring 

15 rows. 

3. The active matrix type display device according to 
claim 1, 

wherein said conversion part has a first field 
20 effect transistor (FET) whose drain and gate are 
short-circuited, said transistor generating voltage 
across said gate and source when said transistor is 
supplied with current from said data line; 

wherein said hold part has a capacitor for 
25 holding said voltage generated across said gate 
and source of said first FET; and 

wherein said drive part has a second FET 
connected in series with said electro-optical ele- 
ment for driving said electro-optical element in ac- 
30 cordance with the voltage held in said capacitor. 

4. The active matrix type display device according to 
claim 3, wherein said first and second FETs have 
substantially same characteristic and constitute 

35 current mirror circuit. 

5. The active matrix type display device according to 
claim 3, wherein said first FET is a single transistor 
element shared between at least two separate pix- 

40 els in a row direction. 

6. The active matrix type display device according to 
claim 3, wherein said first FET includes a multiplicity 
of transistor elements having the drains and gates 

45 connected together, said transistor element being 
shared between at least two separate pixels in a row 
direction. 

7. An active matrix type display device including cur- 
50 rent-writing type pixel circuits arranged in a matrix 

form for allowing current to pass through the pixel 
circuits via a data line in accord with luminance to 
write luminance information thereinto, each pixel 
circuit having an electro-optical element whose lu- 
55 minance varies with the current passing there- 
through, said pixel circuit comprising; 

a first scanning switch for selectively passing 
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the current provided from said data line; 
a conversion part for converting the current pro- 
vided through said first scanning switch into 
voltage; 

a second scanning switch for selectively pass- 5 
ing the voltage converted by said conversion 
part; 

a hold part for holding the voltage supplied 
thereto through said second scanning switch; 
and 10 
a drive part for converting the voltage held in 
said hold part into current and passing the con- 
verted current through said electro-optical ele- 
ment, wherein said first scanning switch is 
shared between at least two separate pixels in 15 
a row direction. 

8. The active matrix type display device according to 
claim 7, wherein said pixel circuit has said first scan- 
ning switch shared between pixels in the two neigh- 20 
boring rows. 

9. The active matrix type display device according to 
claim 7, wherein said pixel circuit has further said 
conversion part shared between at least two sepa- 25 
rate pixels in a row direction. 

10. The active matrix type display device according to 
claim 9, wherein said pixel circuit has said first scan- 
ning switch and said conversion part both shared 30 
between pixels in two neighboring rows. 

11. The active matrix type display device according to 
claim 7, 

wherein said first scanning switch includes a 35 
first FET having a gate connected to a first scanning 
line; 

wherein said conversion part includes a sec- 
ond FET having a drain and a gate thereof short 
circuited for generating voltage across the gate and w 
the source thereof when current is supplied from the 
data line via said first FET; 

wherein said second scanning switch in- 
cludes a third FET having a gate connected to a 
second scanning line; *5 

wherein said hold part includes a capacitorfor 
holding the voltage generated across said gate and 
source of said second FET and supplied via said 
third FET; and 

wherein said drive part includes a fourth FET 50 
connected in series with said electro-optical ele- 
ment, for driving said electro-optical element in ac- 
cordance with said voltage held in said capacitor. 

12. The active matrix type display device according to 55 
claim 11 , wherein said second and fourth FETs have 
substantially same characteristic and together con- 
stitute current mirror circuit. 



13. The active matrix type display device according to 
claim 1 1 , wherein said first or second FET is a single 
transistor element shared between at least two sep- 
arate pixels in a row direction. 

14. The active matrix type display device according to 
claim 11 , wherein said first or second FET includes 
a multiplicity of transistor elements having their 
drains and gates connected together, said transis- 
tor element being shared between at least two sep- 
arate pixels in a row direction. 

15. A method of driving an active matrix type display 
device including current-writing type pixel circuits 
arranged in a matrix form for allowing current to 
pass through the pixel circuits via a data line in ac- 
cord with luminance to write luminance information 
thereinto, each pixel circuit having an electro-opti- 
cal element whose luminance varies with the cur- 
rent passing therethrough, said pixel circuit com- 
prising a first scanning switch for selectively pass- 
ing the current provided from said data line, a con- 
version part for converting the current provided 
through said first scanning switch into voltage, a 
second scanning switch for selectively passing the 
voltage converted by said conversion part, a hold 
part for holding the voltage supplied thereto through 
said second scanning switch; and a drive part for 
converting the voltage held in said hold part into cur- 
rent and passing the converted current through said 
elector-optical element, wherein said first scanning 
switch is shared between at least two separate pix- 
els in a row direction, comprising a step of: 

setting second scanning switch to have a se- 
quential selective status by sequentially select- 
ing the preceding row and then the later row 
while first scanning switch has a selective sta- 
tus when writing to at least two separate pixels 
in a row direction. 

16. An active matrix type organic electroluminescent 
display device including current-writing type pixel 
circuits arranged in a matrix form for allowing cur- 
rent to pass through the pixel circuits via a data line 
in accord with luminance to write luminance infor- 
mation thereinto, each pixel circuit utilizing as a dis- 
play element organic electroluminescent element 
having a first electrode, a second electrode and lay- 
ers of electroluminescent organic material, the lay- 
ers being placed between the electrodes and in- 
cluding a light-emitting layer, said pixel circuit com- 
prising: 

a conversion part for converting the current pro- 
vided from said data line into voltage; 
a hold part for holding the voltage converted by 
said conversion part; and 
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a drive part for converting the voltage held in 
said hold part into current and passing the con- 
verted current through the organic electrolumi- 
nescent element, wherein said conversion part 
is shared between at least two separate pixels 
in a row direction. 

17. The active matrix type organic electroluminescent 
display device according to claim 16, wherein said 
pixel circuit has said conversion part shared be- 
tween pixels in two neighboring rows. 

18. The active matrix type organic electroluminescent 
display device according to claim 16, 

wherein said conversion part has a first field 
effect transistor (FET) whose drain and gate are 
short-circuited, said transistor generating voltage 
across said gate and source when said transistor is 
supplied with current from said data line; 

wherein said hold part has a capacitor for 
holding said voltage generated across said gate 
and source of said first FET; and 

wherein said drive part has a second FET 
connected in series with said electro-optical ele- 
ment, for driving said electro-optical element in ac- 
cordance with the voltage held in said capacitor. 

19. The active matrix type organic electroluminescent 
display device according to claim 18, wherein said 
first and second FETs have substantially same 
characteristic and together constitute current mirror 
circuit. 

20. The active matrix type organic electroluminescent 
display device according to claim 18, wherein said 
first FET is a single transistor element shared be- 
tween at least two separate pixels in a row direction. 

21. The active matrix type organic electroluminescent 
display device according to claim 18, wherein said 
first FET includes a multiplicity of transistor ele- 
ments having the drains and gates connected to- 
gether, said transistor element being shared by at 
least two separate pixels in a row direction. 

22. An active matrix type organic electroluminescent 
display device including current-writing type pixel 
circuits arranged in a matrix form for allowing cur- 
rent to pass through the pixel circuits via a data line 
in accord with luminance to write luminance infor- 
mation thereinto, each pixel circuit utilizing as a dis- 
play element organic electroluminescent element 
having a first electrode, a second electrode and lay- 
ers of electroluminescent organic material, said lay- 
ers being placed between the electrodes and in- 
cluding a light-emitting layer, said pixel circuit com- 
prising: 



a first scanning switch for selectively passing 
the current provided from said data line; 
a conversion part for converting the current pro- 
vided through said first scanning switch into 
5 voltage; 

a second scanning switch for selectively pass- 
ing the voltage converted by said conversion 
part; 

a hold part for holding the voltage supplied 
10 thereto through said second scanning switch; 

and 

a drive part for converting the voltage held in 
said hold part into current and passing the con- 
verted current through said electro-optical ele- 
15 ment, wherein said first scanning switch is 

shared between at least two separate pixels in 
a row direction. 

23. The active matrix type organic electroluminescent 
20 display device according to claim 22, wherein said 

pixel circuit has said first scanning switch shared 
between pixels in the two neighboring rows. 

24. The active matrix type organic electroluminescent 
25 display device according to claim 22, wherein said 

pixel circuit has further said conversion part shared 
between at least two separate pixels in a row direc- 
tion. 

30 25. The active matrix type organic electroluminescent 
display device according to claim 24, wherein said 
pixel circuit has said first scanning switch and said 
conversion part both shared between pixels in two 
neighboring rows. 

35 

26. The active matrix type organic electroluminescent 
display device according to claim 22, 

wherein said first scanning switch includes a 
first FET having a gate connected to a first scanning 
40 line; 

wherein said conversion part includes a sec- 
ond FET having a drain and a gate thereof short 
circuited, forgenerating voltage across the gate and 
the source thereof when current is supplied from 
45 said data line via said first FET; 

wherein said second scanning switch in- 
cludes a third FET having a gate connected to a 
second scanning line; 

wherein said hold part includes a capacitorfor 
50 holding the voltage generated across said gate and 
source of said second FET and supplied via said 
third FET; and 

wherein said drive part includes a fourth FET 
connected in series with said electro-optical ele- 
55 ment, for driving said electro-optical element in ac- 
cordance with said voltage held in said capacitor. 

27. The active matrix type organic electroluminescent 
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display device according to claim 26, wherein said 
second and fourth FETs have substantially same 
characteristic and together constitute current mirror 
circuit. 

5 

28. The active matrix type organic electroluminescent 
display device according to claim 26, wherein said 
first or second FET is a single transistor element 
shared between at least two separate pixels in a row 
direction. 10 

29. The active matrix type organic electroluminescent 
display device according to claim 26, wherein said 
first or second FET includes a multiplicity of transis- 
tor elements having their drains and gates connect- *5 
ed together, said transistor element being shared 
between at least two separate pixels in a row direc- 
tion. 

30. A method of driving an active matrix type organic 
electroluminescent display device including cur- 
rent-writing type pixel circuits arranged in a matrix 
form for allowing current to pass through the pixel 
circuits via a data line in accord with luminance to 
write luminance information thereinto, each pixel 
circuit having an electro-optical element whose lu- 
minance varies with the current passing there- 
through, said pixel circuit comprising a first scan- 
ning switch for selectively passing the current pro- 
vided from said data line, a conversion part for con- 
verting the current provided through said first scan- 
ning switch into voltage, a second scanning switch 
for selectively passing the voltage converted by 
said conversion part, a hold part for holding the volt- 
age supplied thereto through said second scanning 
switch, and a drive part for converting the voltage 
held in said hold part into current and passing the 
converted current through said electro-optical ele- 
ment, wherein said first scanning switch is shared 
between at least two separate pixels in a row direc- 
tion, comprising a step of 

setting second scanning switch to have a se- 
quential selective status by sequentially select- 
ing the preceding row and then the later row *5 
while first scanning switch has a selective sta- 
tus when writing to at least two separate pixels 
in a row direction. 
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FIG. 9 OLED 
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FIG. 13 



I w 



I 



scan Bl 
P 1 

scan A 
1 7^ 



scan B 2 



P2 



Vdd 



1 8B-1 



1 8A 

± 

FT 1 

1 4 



1 6-3] 



777- 



15-1 I n 1 

H 1 8B-2 Vdd 

1r 



77T 




data 



1 3 



1 1 
1 2 



777" 



25 



EP 1 353 316 A1 



Q_ 

CO 
> 



CD 

O 
> 





CsJ CO 






m 


mm 






CO 


CO CO 


o 


o o 


CO 


09 CO 


I 


1 1 



m 

CO 

o 

CO 



m 

CO 

o 

CO 



m 

CO 

o 

CO 



ID 



s 



o 
>- 



I 

CD 
CM 
LO 



in 



I 

< 

CM 
ID 



S 



CM 
I 

CD 

CM 



CO 

I 

m 

CM 

to 



CM 
I 

< 
CM 
If) 



S 



I 

CO 
CM 



■ m 



I 

to 

IO 



CO 



o 

ce: 

CO 
LU 




< 

O 
> 



CO 

o 

CO 



"T" 
< 

CO 

o 

CO 



T 

CO 
LO 



CO 

o 

CO 



< 

CO 
ID 



26 



EP 1 353 316 A1 




27 



EP1 353 316 A1 




FIG. 16 



Iw 



I 



scan B 1 



1 4-1 



1 7^ 
scan A 
P1 ^ 

scan B 2 



P2 



18B-1 



Vdd 



1 6-1 




1 8A 



TTT 



FT 

1 4 



> — r 



1 6-2 



data 



-T 

1 5-- 




1 1—1 



PIXEL 1 



1 3 



1 8B-2 



1 2—1 



TTT 



Vdd 



1 5 



77T 



x 




1 1—2 



PIXEL 2 



r 

1 3-2 



1 2-2 



777" 



28 



EP 1 353 316 A1 



INTERNATIONAL SEARCH REPORT 



lotemational application No. 

PCT/JP02/00152 



A. CLASSIFICATION OF SUBJECT MATTER 

Int. CI 7 G09G3/30, G09F9/30, H05B33/14, H05B33/08 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 
Int. CI 7 G09G3/30, G09F9/30, H05B33/14, H05B33/08 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 
Jitsuyo Shi nan Koho 1922-1996 ToroJcu Jitsuyo Shinan Koho 1994-2002 

Kdkai Jitsuyo Shinan Koho 1971-2002 Jitsuyo Shinan Toroku Koho 1996-2002 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



JP, 11-282419, A (NEC Corp.), 
15 October, 1999 (15.10.99), 
Full text; Figs. 1 to 15 

& US 6091203 A & KR 99078420 A 

JP, 2000-338915, A (Seiko Instruments Inc.), 
08 December, 2000 (08.12.00), 
Par. No. [0017]; Fig. 5 
(Family: none) 



1-30 



1-5,7-13, 
15-20,22-28,30 



| | Further documents are listed in the continuation of Box C. r~-j See patent family annex. 



* Special categories of cited documents: T 
°A D document defining the general state of the ait which is not 

considered to he of particular relevance 
"E* earlier document but published on or after the international filing "JC 

date 

"L" document which may throw doubts on priority claim(s) or which is 

cited to establish the publication date of another citation or other "V 
special reason (as specified) 

"CT document referring to an oral disclosure, use, exhibition or other 
means 

"P" document published prior to the international filing date but lateT *&" 
than the priority dale claimed 



later document published after the international filing dale or 
priority date and not ia conflict with the application but cited to 
understand the principle or theory uodedying the invention 
document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an Inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such 
combination being obvious to a person skilled in the ait 
document merobcT of the same patent family 



Date of the actual completion of the international search 
02 April, 2002 (02.04.02) 



Date of mailing of the international search report 
16 April, 2002 (16.04.02) 



Name and mailing address of the ISA/ 

Japanese Patent Office 

Facsimile No. 



Authorized officei 



Telephone No. 



Form PCT7ISA/210 (second sheet) (July 1998) 



29 



